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BACKGROUND

3D concavities violate figure/ground and
part parsing rules ...
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Minima of curvature (Hoffman & Richards, 1984)
for convex and concave 3D regions

Part structure predicted
for the concave region

... their local and global features are
qualitatively different from convex
equivalents ...

« Bounding contours of 2D aperture holes assigned to the background,
not to the figural hole (Bertamini & Croucher, 2003)

» Spatial dimensions not integrated to form scale-invariant features in 3D
concavities (Cate & Behrmann, 2010)

... but they convey similar figural shape.

* In both perception and memory (Nelson et al. 2001, 2014).

Hypothesis: 3D holes recruit a secondary
cortical shape pathway distinct from the
ventral visual stream.

* Many shapes violate the visual system's heuristics for figure detection,
but still provide a closed bounding contour in the 2D retinal image that
provides a secondary-level figure cue.

» Dorsal/Parahippocampal hypothesis: in the presence of such a cue,
medial temporal cortex reconstructs the figural shape based on the
output of parietal regions sensitive to surface orientation (Cate &
Behrmann, 2010).

Shape from stereo: neurophysiology and neuroimaging
reveal multiple regions in both ventral and dorsal
cortical regions.

 Vinberg & Grill-Spector (2007) showed that LOC (fMRI; ventral stream)
responds equivalently to shapes of aperture holes.

* Verhoef, Vogels & Janssen (2011) showed that AIP (dorsal) — IT
(ventral) LFP synchrony occurs during concave/convex shape
discrimination in macaques.

~ Is changing the depth structure of a
) simple shape sufficient to activate
non-ventral networks?

figural shapes that violate Gestalt principles
fMRI of 3D concave shape from stereopsis
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RANDOM DOT STEREOGRAMS

Trapezoidal prisms with frontoparallel surface for fixation
(stereo only; no monocular cues in actual stimuli)

PROPixx DLP projector (VPixx Technologies)
120 Hz (60 Hz/eye)

DepthQ circular polarizing filter used with passive filter glasses
In the scanner.

Gray scale images generated/presented using the
Psychophysics Toolbox (v. 3; Brainard; Pelli (2007))
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METHODS

STIMULUS CONDITIONS
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CONCLUSIONS

*\Viewing 3D concave figures activates different
cortical networks than solid-looking shapes

 PHG/PPA activity has been explained as computing
the shape of a scene boundaries (Park et al.
2011), especially closed (= concave) ones (Kravitz
et al. 2011).

* These results suggest a more general role for
PHG shape processing, including generic
concave contours

PHG  STS activation was unanticipated. Future studies

may investigate links between depth structure and
other STS shape functions (e.g. faces)

» Basal ganglia network may play a role in integrating

discrete parts into whole objects (Cate et al. VSS
2011).

Concave — convex contrasts

Convex
 Lateral occipital

e Parahippocampal gyrus
e Superior temporal sulcus
« Basal ganglia network (putamen, substantia nigra)
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